The isolated mantle of scallop (Patinopecten yessoensis) was shown to adsorb minerals (Zn, Ca, Mg, Fe, Cu, Ni and Co) to more than 1% upon treatment with mineral solution. The amounts of adsorbed Zn, Ca and Mg were 44.3, 47.4 and 15.5 mg/g dry weight, when the mantle was treated with 5% ZnSO 4 , CaCl 2 and MgSO 4 solutions at room temperature, respectively. The amounts of adsorbed Zn, Ca and Mg were dependent on the concentration of mineral solution used. This is the first report showing that the isolated mantle adsorbs nutritionally important minerals such as Ca, Mg and Fe. This finding may lead to the development of new mineral-enriched food supplements.
INTRODUCTION

Scallop (Patinopecten yessoensis)
is an important marine product in Hokkaido and Aomori prefectures. The main products from scallop are frozen adductor muscle, and seasoned and dried muscle. The other parts of scallop, such as the shell, ovaries, testes, gills, hepatopancreas and mantle, are separated from the adductor and are mostly discarded as industrial waste. Recently, studies on the usage of the shell have shown antibacterial activity 1 of calcined shell 2 and several products have been developed from the shell of scallop. Parts of the mantle have been used as dried and seasoned foods, and parts of the ovary and testis are used in French dishes. However, due to the high cadmium content of hepatopancreas, there is no established process for using the hepatopancreascontaining waste of scallop. [3] [4] [5] It is known that marine invertebrates accumulate heavy metals in their tissues, and the accumulation of cadmium in the hepatopancreas and kidney of scallop [3] [4] [5] [6] [7] [8] [9] and mussel [10] [11] [12] has been reported. In these studies, the accumulation of metal was investigated using living shells exposed to seawater containing less than p.p.m. levels of cadmium, and the concentrations of cadmium, zinc and copper in the tissue were discussed.
However, there has been no report on the accumulation of other metals or minerals by exposure of isolated mantle to mineral solutions.
We intend to use the isolated mantle of scallop as a functional food to reduce the waste generated during scallop production. In the present paper, we report the adsorption of many minerals of nutritional importance, such as calcium, magnesium and iron, in the isolated mantle of scallop.
MATERIALS AND METHODS
Samples
Scallop was obtained from Hokusho Suisan Co. Ltd (Saroma, Hokkaido, Japan), and was collected at Saroma Lake. The mantles were separated from other parts and were frozen at -20°C. The frozen mantles were thawed, then thoroughly washed with excess water by stirring. The washed mantles were defatted by stirring in 50% ethanol (1 L/kg) for 1 h, and dried at 50°C for 24 h. The defatted mantles were cut into pieces and pulverized using a food processor (MX-X51; Matsushita Electric Industrial Co. Ltd, Osaka, Japan).
Experimental procedure
The pulverized sample (50 mg) was suspended in 10 mL of 1% (W/V) solution of mineral salts:
Adsorption of minerals on the isolated mantle of
Patinopecten yessoensis Table 2 , the adsorption of Zn in the mantle also occurred at room temperature (method 2), and the amount of Zn was greater than 80% of the boiling treatment (method 1) when the mantle was suspended in the solution for 3-6 h.
The adsorption of Zn, Ca and Mg in the mantle was shown to be dependent on the concentration of mineral solution as shown in Tables 3-5 , respectively. Using method 1, the content of Zn in the mantle exceeded 30 mg/g by treatment with 5% solution of ZnSO 4 (310 mM). However, using method 2 the content of Zn exceeded 40 mg/g by the treatment with 5% solution.
In the case of Ca, there was no difference in content between method 1 (48.8 mg/g) and method 2 (47.4 mg/g) by treatment with a 5% solution of CaCl 2 (452 mM) as shown in Table 4 .
In the case of Mg, the content in the mantle was higher in method 2 (15.5 mg/g) than in method 1 (9.83 mg/g), when treated with a 5% solution of MgSO 4 (424 mM) as shown in Table 5 .
DISCUSSION
In the present study, we selected isolated mantle from the industrial waste of scallop, because isolated mantle has been partly used as foodstuff. Approximately one-tenth of the mantle is used as foodstuff in Japan. The present studies on the isolated mantle revealed its ability to adsorb many minerals, including nutritionally important minerals, such as calcium, magnesium and iron, and trace essential elements, such as zinc and copper. As repeated washing of the treated mantle with water did not cause a decrease in mineral contents, the adsorption of these minerals in the isolated mantle must be irreversible at neutral pH. As Method 3: The sample was preheated in boiling water for 15 min, then suspended in mineral solution, and left for 6 h.
The treated mantle was washed five times with excess water.
Determination of minerals
The test solutions for the determination of minerals were prepared by wet digestion with nitric acid and perchloric acid, 13 and three test samples were used for each determination. The content of these minerals was determined by atomic absorption spectrophotometry (AAS) using a Hitachi model Z-8000 spectrophotometer (Hitachi Ltd, Tokyo, Japan). The content of each mineral was shown as the mean ± SD and was expressed as mg/g dry weight. The data were analyzed by Student's t-test.
RESULTS
In method 1, the isolated mantles were boiled in a 1% solution of seven mineral salts. As shown in Table 1 , the contents of minerals were increased by the treatment. The contents of all minerals exceeded 5 mg/g except for Mg. In the cases of Zn and Ca, the contents were higher than for other minerals, 15.6 and 12.6 mg/g, respectively. The
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M Funaki et al. shown in Table 1 , the isolated mantle adsorbed divalent alkaline earth elements (Ca and Mg) and transition elements (Zn, Cu, Co and Ni) along with trivalent transition metal (Fe). Marine invertebrates are known to accumulate heavy metals in their tissues from their surroundings. However, the present report is the first to show that the isolated mantle has the ability to adsorb minerals, to the extent of percent level.
As shown in Tables 3-5 , the adsorption of Zn, Ca and Mg was shown to depend on the concentration of solution used for the treatment. The amounts of adsorbed minerals were different between methods 1 and 2. In the case of Zn, the adsorption at room temperature (method 2) exceeded that of the boiling treatment (method 1) in the range of 2.5-5.0%. However, the adsorption by method 2 at 0.5-1.0% was lower than that of method 1. The precise mechanism of adsorption is not clear, but the Zn-binding protein(s) in the isolated mantle may be denatured by heating. This assumption was supported by the results of method 3: the boiling pretreatment of the mantle caused the decrease of Zn content (Table 3 ). In the case of Ca, the adsorption at room temperature (method 2) was shown to be the same as that of the boiling treatment (method 1) in the range of 0.1-5.0% (Table 4 ). In the case of Mg, the adsorption at room temperature (method 2) exceeded that of the boiling treatment (method 1) as was the case of Zn, but the boiling The suspension was heated to boiling and left for 15 min. 2 The suspension was left at room temperature for 6 h. 3 The sample was preheated in boiling water for 15 min, then suspended in mineral solution, and left for 6 h. †Mean ± SD of triplicate determinations.
a,b
Values within the same column not sharing the indicated letters are significantly different at least P < 0.01. See the footnotes of Table 3 . †Mean ± SD of triplicate determinations.
Values within the same column not sharing the indicated letters are significantly different at least P < 0.05. pretreatment did not change the content (Table 5) . The difference in adsorption of these three minerals by the three different methods implies that the isolated mantle may have different types of binding sites (or binding proteins) for Zn, Ca and Mg. Further investigation is needed to clarify the adsorption mechanism. As described above, the isolated mantle of scallop has the ability to adsorb minerals irreversibly at neutral pH, and the amounts of adsorbed minerals can be controlled by the conditions of treatment (concentration of mineral solution, treatment time and temperature). This may lead to the development of new supplement foods enriched with calcium or iron.
